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INTRODUCTION

Meningiomas correspond to one-third of all primary central nervous system (CNS) tumors. 
Approximately 9% of them are spheno-orbital meningiomas (SOMs).[23,24] Most found in female 
around 50 years old, they are classified as en-plaque meningiomas, and they usually exhibit slow 

ABSTRACT
Background: Meningiomas correspond to one-third of all primary central nervous system tumors. Approximately 
9% of them are spheno-orbital meningiomas (SOMs), presenting significant clinical symptoms as visual 
impairment and orbital esthetics. This article aims to evaluate exophthalmos’ improvement in a surgical series 
without orbital reconstruction.

Methods: We consecutively included all patients diagnosed with SOM, admitted to a single institution for 
10  years. Surgical resection was the standard of care, associated or not with adjuvant radiation therapy. The 
radiological investigation included preoperative and postoperative head CT or MRI. We quantified proptosis 
through imaging.

Results: Forty patients composed this series, 87.5% were female. Proptosis was the most common presentation 
(90%), followed by decreased visual acuity (65%), motility deficit (20%), and headache (20%). Gross total 
resection was achieved in 65% of the procedures. In late outcomes, 78% of the patients maintained or improved 
visual acuity and 85% maintained or improved headache. Proptosis significantly improved after surgery and along 
with the follow-up (P < 0.001). Ten patients were submitted to adjuvant RT, six of them after a subtotal resection. 
All patients of this subgroup had proptosis. It was observed a higher frequency of worse in visual acuity in patients 
submitted to RT (71% vs. 28%, P = 0.038).

Conclusion: Resection of SOM was sufficient to stop the evolution of visual deficit and allowed the improvement 
of proptosis. Orbital reconstruction does not seem to be an essential step in reducing enophthalmos.
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growth pattern, with a thin dural layer, bone invasion, and 
hyperostosis of the sphenoid wing.[6,7,21,29]

SOM management is challenging, since tumor grows into the 
cavernous sinus, with compression of the cranial nerves II, 
III, IV, V, and VI. The most related symptoms are decreased 
visual acuity, trigeminal neuralgia, diplopia, ptosis, and 
proptosis[26,32] (prevalence around 90%).[28] Subtotal resection 
(STR) occurs in 10–80% of the procedures, with a recurrence 
rate varying from 8% to 56%.[3,27,29,32] Adjuvant radiation 
therapy, often indicated for patients with macroscopic 
residual tumor, is not a consensus. Due to their indolent 
nature, SOM requires a long postoperative follow-up. 
However, most of the studies about SOM are short case series, 
with no sufficient postoperative time to describe outcomes. 
In their meta-analysis, Fisher et al. found a follow-up range 
between 3 and 135 months.[8] The same meta-analysis related 
improvement of 96% of the patients concerning diplopia and 
motility deficit after surgical resection, with hypesthesia of 
CNV as the most common postoperative complication.[8]

This article aims to evaluate exophthalmos’ improvement 
in a surgical series without orbital reconstruction and 
complications analysis. We discuss the preoperative 
presentation, surgical strategy, adjuvant treatment, and long-
term outcomes.

MATERIALS AND METHODS

Setting

This retrospective case series consecutively included all 
patients older than 18  years, diagnosed with SOM who 
underwent surgical resection in a Brazilian single institution 
between 2008 and 2018. The exclusion criteria were patients 
who lost the follow-up. Informed consent for use of the 
radiological images obtained from each patient at the time of 
surgery, in accordance with the ethical guidelines approved 
by our university (research protocol 200/05). The patients 
consented to the procedures. Medical records provided 
us with demographic information, tumor characteristics, 
treatment details, and tumor progression, which were 
recorded under the research protocol. A total of 40 patients 
were included and 11  patients (27.5%) underwent the first 
resection in other services and were reoperated in this series.

Surgical management

We retrospectively reviewed perioperative clinical data 
records from a large brain tumor databank. The radiological 
investigation included pre-  and postoperative head CT and 
MRI of the skull and orbit.

The standard of care was a pretemporal craniotomy, 
associated with superolateral orbitotomy for tumor resection 
[Figure 1], graded according to the Simpson scale.[30] Gross 

total resection (GTR) was defined as Simpson Grade  I, II, 
and III resections, whereas STR included Simpson Grade IV 
cases. The definition of extent of resection (EOR) is not 
uniform among studies, in part due to the difficulties to 
adapt the Simpson scale, originally applied for convexity 
meningiomas,[30] to SOM resection: some authors consider 
only Simpson Grade  I as a GTR,[28] others believe Simpson 
Grades I and II,[9,11,17] and finally, some series define GTR as 
Simpson I, II, and III.[3,13] The lack of consensus about basic 
concepts hinders comparisons among them.

In our service, we do not perform reconstruction of orbital 
walls after orbital decompression. The association of adjuvant 
fractionated stereotactic radiotherapy (FSRT) was made 
under the attending team’s discretion, considering the 
following factors: age, recurrence, and postoperative visual 
acuity. The FSRT protocol applied 50 Gy to the tumor bed in 
28 sessions with 1.8 Gy/fraction.

Histopathological analysis categorized tumors into five 
different subtypes (meningothelial, transitional, fibrous, 
fibroblastic, and microcystic), graded according to the 
WHO Classification of Tumors of the CNS at the time of 
diagnosis.[15,16] Clinical follow-up was made 15  days after 
surgery, 2 months, 6 months, and then one visit every year. 
The variables of interest were demographics, preoperative 
clinical presentation, histology, the EOR, and adjuvant FSRT.

Outcomes

The primary outcome analyzed was proptosis improvement 
after the surgery. Proptosis assessment is essential in orbital 
reconstruction in craniofacial anomalies. We use an axial 
head computed tomography with a thin slice. Preoperative 

Figure  1: (a) MRI-T1 gadolinium: right spheno-orbital 
meningioma. (b and c) Standard surgical strategy. We performed 
a pretemporal craniotomy. Blue arrow: superior orbital fissure 
exposed; blue dashed arrow: periorbita visualization after 
orbitotomy and intraorbital tumor resection; yellow arrow: tumor 
implantation. The greater sphenoid wing was drilled and removed.
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proptosis was measured using the exophthalmos index (EI) 
as presented by Scarone et al.[28]

We selected axial images in the orbital plane of the CT 
scan and MRI on the optic nerve level bilaterally. A  single 
examiner analyzed all CTs/MRIs, placing a transverse 
tangent on the anterior lateral orbital rim of both sides 
and calculating the distance from the corneal center to the 
tangent line at a 90° angle. Then, we compared the difference 
in length (mm) between the pre- and postoperative scans to 
evaluate the exophthalmos’ improvement [Figure 2].

As secondary outcomes, we verified visual acuity, ocular motility, 
and campimetry exclusively through physical examination. 
All the 40  patients were examined by a neurosurgeon and an 
ophthalmologist. In addition, the incidence of headache and 
perioperative complications was recorded.

Statistical analysis

We described categorical variables with absolute and relative 
frequencies. Continuous variables were described with 
mean and standard deviations (for variables with normal 
distribution) and median with interquartile range (for 
nonnormal data). We assessed normal distribution through 
the methods of asymmetry and kurtosis. To compare 
the baseline characteristics of the stratified subgroups by 
recurrence and adjuvant radiotherapy, the Fisher’s exact 
test was used for categorical variables and the Mann–
Whitney U-test for independent samples or for continuous 
variables as applicable. We analyzed variation of proptosis 
along the study using ANOVA for repeated measures. The 
significance level was <0.05. All analyses were performed 
using the software SPSS (IBM SPSS Statistics for Windows, 
version 24.0. Armonk, NY: IBM Corp.).

RESULTS

A total of 40  patients composed this case series; 87.5% were 
female. The mean age at surgery was 49.5 ± 9.2 years. All patients 
presented symptoms related to the tumor at the preoperative 
clinical evaluation. Twenty-nine patients had newly diagnosed 

meningiomas, while 11  patients presented recurrences of 
previously resected tumors. Proptosis was the most common 
presentation (90%), followed by decreased visual acuity (65%), 
motility deficit (20%), and headache [20%, Table 1]. Six patients 
had severe vision loss, two with only luminous perception, and 
four patients with amaurosis. A decrease of the visual campus 
was present in three patients with temporal hemianopsia. 
Finally, two patients presented seizures.

Regarding surgical resection, GTR was achieved in 65% 
of the procedures. We used periosteum grafts for dural 
reconstruction. Thirty-nine cases were diagnosed with 
the WHO Grade  I meningiomas and only one patient 
with the WHO Grade  II (atypical) meningioma. The most 
prevalent histology subtype was the meningothelial (81%). 
Perioperative complications included three surgical site 
infections, three postoperative seizures, two strokes, one 
pulmonary thromboembolism, and one patient with insipidus 
diabetes. One patient presented a cerebral spinal fluid fistula, 
requiring a second approach and reconstruction with a fascia 
lata graft. In late outcomes, 78% of the patients maintained 
or improved visual acuity; regarding headache, associated 
pharmacological therapy allowed the improvement or the 
stability of 85% of patients [Table 1].

The radiological evaluation had a median follow-up of 
39  months. Proptosis significantly improved after surgery 
and along the follow-up [P < 0.001, Table 2].

Ten patients presented recurrence/regrowing and were 
submitted to adjuvant FSRT, six of them after an STR. All 
patients of this subgroup had proptosis. It was observed 
a higher frequency of worse in visual acuity in patients 
submitted to FSRT [71% vs. 28%, P = 0.038, Table 1]. It was 
observed proptosis improvement (quantified in imaging) in 
the FSRT group compared with other patients [2.2 ± 2.0 mm 
vs. 4.1 ± 3.0 mm, P = 0.147]. Until now, these patients are still 
with controlled disease.

DISCUSSION

Like other meningiomas, SOM is mostly benign tumors 
which exhibit a remarkable bone invasion, associated with 

Figure 2: A 53 y/o patient presenting right exophthalmos and decreased visual acuity. (a) Preoperative 
MRI showing a spheno-orbital meningioma, with a quantifiable proptosis of 10.8 mm. (b) Early CT 
scan after a Simpson II resection, with the absence of deviation. RE: right eye, LE: left eye. Black 
dashed lines representing exophthalmos index as presented by Scarone et al.
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Table 2: Average of proptosis (mm) along the study.

Preoperative Immediate postoperative 1 year follow‑up Last evaluation P

Resection
GTR 6.5±3.3 3.3±2.4 2.7±2.6 3.8±3.2
STR 7.2±3.4 3.9±3.3 2.5±1.5 2.5±2.1 0.744

FSRT
Yes 7.3±3.9 4.2±3.1 2.9±2.5 2.2±2.0
No 6.6±3.1 3.4±2.6 2.8±2.6 4.1±3.0 0.860
Total 6.8±3.3 3.6±2.7 2.8±2.4 3.4±2.8 <0.001

STR: Subtotal resection; FSRT: Fractionated stereotactic radiation therapy

Table 1: General sample characterization.

Variable (n=40) Adjuvant FSRT No FSRT Total P

Age 45.2±6.5 51.0±9.6 49.5±9.2 0.032 
Female sex 9 (25.7) 26 (74.3) 35 (87.5) 0.633
Simpson grade

1 0 2 (100) 2 (5.0)
2 1 (8.3) 11 (91.7) 12 (30.0)
3 3 (25.0) 9 (75.0) 12 (30.0)
4 6 (50.0) 6 (50.0) 12 (30.0)
5 0 1 (100) 1 (2.5)
Unknown 0 1 (100) 1 (2.5) 0.117

Preoperative clinical presentation
Proptosis 10 (27.8) 26 (72.2) 36 (90.0) 0.400
Proptosis (mm) 7.3±3.9 6.6±3.1 6.8±3.3 0.639
Decrease in visual acuity 9 (34.6) 17 (65.4) 26 (65.0) 0.114
Motility deficit 1 (12.5) 7 (87.5) 8 (20.0) 0.288
Headache 2 (25.0) 6 (75.0) 8 (20.0) 0.633

Histhology
WHO

I 8 (21.6) 29 (78.4) 37 (92.5)
II 1 (100) 0 1 (2.5)
Unknown 1 (50.0) 1 (50.0) 2 (5.0) 0.237

Subtype
Meningothelial 8 (25.8) 23 (74.2) 31 (81.6)
Transitional 1 (20.0) 4 (80.0) 5 (13.2)
Fibrous 0 2 (100) 2 (5.3) 0.550

Outcome
Decrease in visual acuity

Improve 3 (23.1) 10 (76.9) 13 (40.6)
Worse 5 (71.4) 2 (28.6) 7 (21.9)
Stable 2 (16.7) 10 (83.3) 12 (37.5) 0.038

Motility deficit
Improve 0 2 (100) 2 (5.9)
Worse 5 (50.0) 5 (50.0) 10 (29.4)
Stable 5 (22.7) 17 (77.3) 22 (64.7) 0.153

Headache
Improve 2 (40.0) 3 (60.0) 5 (14.3)
Worse 1 (20.0) 4 (80.0) 5 (14.3)
Stable 7 (28.0) 18 (72.0) 25 (71.4) 0.780
Total 10 (25.0) 30 (75.0) 40 (100)

FSRT: Fractionated stereotactic radiation therapy, WHO: World Health Organization, Bold value=P<0.05
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a dural en-plaque growth. This morphology, related to the 
proximity of delicate structures, hinders the total resection of 
these lesions and increases recurrence/regrowth.[6,7]

Due to the 11  patients (27.5%) who underwent the first 
resection in other services and were reoperated in this 
series, we preferred to evaluate clinical follow-up and 
quantify proptosis rather than stratify individuals according 
to tumor recurrence. We observed around one-third of 
STR in our service. Although it was expected a relatively 
worse outcome in the STR group, it had a slightly lower 
quantifiable proptosis in the last evaluation than the GTR 
group (2.5 ± 2.1 mm vs. 3.8 ± 3.2 mm). This finding suggests 
even an incomplete removal of the tumor can provide good 
late outcomes.

Ten patients underwent FSRT and EOR influenced adjuvant 
treatment since six of these patients had an STR. In addition, 
this group presented a higher prevalence of visual acuity 
worsening in the last follow-up. This finding is associated with 
a worse preoperative setting in the FSRT group, since nine 
of the 10 patients submitted to FSRT presented preoperative 
decrease visual acuity, against 56% of the patients without 
FSRT. Nonetheless, patients submitted to STR associated 
with adjuvant FSRT had lower proptosis in the late outcome.

There was a high prevalence of proptosis (90%) in our 
population, similar to the previous case series.[28,29] Patients 
presented a significant improvement after surgery, sustained 
during the follow-up (6.8 ± 3.3 mm preoperatively vs. 3.4 ± 
2.8  mm in the last evaluation), demonstrating that surgical 
resection was effective in most cases.

The surgical technique involves the pretemporal craniotomy, 
to remove all the bone and tumor from the temporal pole 
until the foramen rotundum, and associate the superolateral 
orbitotomy, allowing orbital decompression and the removal 
of the intraorbital tumor. There are many approaches for 
this tumor. As discussed in a recent meta-analysis,[8] the 
most used surgical technique was the pterional craniotomy 
associated or not orbital wall, anterior clinoid, and optic canal 
removal.[2,18] Since 2008, orbitotomy through supraciliary or 
trans-eyelid approach started to be used. Recently, the use 
of endoscope for lateral orbitotomy and tumor resection 
is increasing allowing minimally invasive approaches for 
specific cases, in which there is an invasion of the lateral 
portion of the orbit.[20]

Reconstruction of orbital walls and the lesser or greater 
sphenoid wings, especially with autologous bone graft, 
has been endorsed by some authors. The main advantages 
reported are the esthetic improvement and prevention 
of pulsating exophthalmos, oculomotor muscle fibrosis, 
meningoceles, and enophthalmos.[3-5,10-12,14,22,29] Although 
we do not perform reconstruction in our service, only 
one patient had enophthalmos in the late follow-up, 

and no patient presented pulsating exophthalmos or 
meningoceles. In a case series of 60  patients, Mariniello 
et al.[17] did not observe any of these complications. 
They reported good/acceptable esthetic results in more 
than 90% of their cases.[17] Previously, Maroon et al., 
studying 200 patients, also did not found the incidence of 
pulsating exophthalmos or poor cosmetic outcomes.[19] As 
supported by other authors,[1,25,28,31] we believe that orbital 
reconstruction is not mandatory in most cases. This 
allows a surgery with greater cost-effectiveness, reducing 
costs for the health system.

There are some limitations needed to be addressed. We 
assessed clinical data retrospectively. In addition, only 
10  patients underwent radiotherapy (25%), hindering the 
analysis of radiotherapy effect on SOM recurrence. Finally, 
there was a high rate of follow-up withdrawal, compromising 
data about late outcomes. This is a case series and just 
shows a tendency for exophthalmos improvement without 
enophthalmos in patients who did not underwent orbital 
reconstruction. More studies are necessary to give more 
significance for these findings, including randomized clinical 
trials.

CONCLUSION

Although a demanding procedure, surgical resection of 
SOM was effective in stopping the evolution of visual 
deficit and improvement of proptosis. Adjuvant RT was 
reserved for patients with STR and worst visual acuity. The 
nonreconstruction of the orbit does not seem to correlate 
with a higher prevalence of enophthalmos. Most of the 
perioperative complications were solved during the hospital 
stay and did not affect late clinical outcome.
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